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Gas Separation Film '. >- 

Q_ 

Claims q 
A gas separation film, consisting of "J 
poly(urethane/dlslloxane) having a repeating unit repre- & 
sen ted by general formula: 

° 0 ri a a $ 

■ill < 
-OCNH-R«-NHCaCH t ),S 1-0-3 ifCH t 3 fl - H 

II if) 

(wherein R 1 is a divalent aliphatic group or aromatic 
group, R* is independently a monovalent alkyl group or 
aromatic group, and n is an integer of 1 through 4). 

Detailed Description of the Invention 

The present Invention relates to a gas separation 
film consisting of polyurethane including a dlsilojcane 
structure. 
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Recently, gas separation, especially oxygen enrich- 
ment of air by an organic polymer film has been a sub- 
ject of attention from the viewpoint of saving resources 
and energy. Conventionally known films for oxygen en- 
richment have an excessively low transmission speed of 
oxygen or an excessively small transmission coefficient 
ratio relative to nitrogen, and therefore are not -suit- 
able for oxygen enrichment on an industrial scale For 
example, polydimethyl siloxane has • an oxygen tranenis- 
elon coefficient in the order of the i<r 
W(STP). cm/cm*. sec-crnHg. which is the highest among the 
coefficients of the conventionally known polymer, fiims 
However, polydimethyl siloxane, which has a transmission 
coefficient ratio relative to nitrogen of about 2 at 
most, is inferior in the selective transmlttanoe or 
separability of oxygen, and thus requires a great number 
of treatment steps in order to produce oxygen at a high 
concentration. Therefore, polydimethyl siloxane is not 
practical in terms of both apparatus requirements and 
costs. A polydimethyl siloxane film also has a low me- 
chanical strength, and thus needs to be relatively thick. 
For this reason, the transmission speed of polydimechyl 
siloxane film cannot be increased although the transmis- 
sion coefficient is large. 

Accordingly, Japanese Patent Publication for Opposi- 
tion No. 47-51715 proposes an oxygen enrichment film 
formed of polyvinyl trimethylsilane. The transmission 
coefficient ratio of oxygen relative to nitrogen of the 
film is twice that of polydimethyl siloxane, but the 
film is inferior In the resistance against chemicals and 
is likely to be deteriorated by contaminants m the air, 
oil from pumps or the like. United States Patent 
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No. 3,189,662 discloses a polysiloxane-polycarbonate 
block copolymer. This copolymer is also inferior in the 
resistance against chemicals due to the polycarbonate 
structure included. 

As a result of active studies on gas separation 
films which are superior in the selective transmittance 
of oxygen, resistance against chemicals, mechanical 
strength and the like, the present inventors found that 
a gas separation, film fulfilling the above- described 
conditions can be. produced by introducing a dlsiloxane 
structure into a main chain of polyurethane, and* thus 
made the present invention. 

The gas separation film according to the present in- 
vention consist of poly(urethane/disiloxane) having a 
repeating unit represented by general formula* 

0 0 R« R a 

« II II 

-OCNH-R'-NHCOCCH f J B Sl-0-Si (CH t U~ (J) 

I f 

(wherein R 1 is a divalent organio group, R a is independ- 
ently an alkyl group or aromatic group, and n is an in- 
teger of 1 through 4). 

In general formula (I). R 1 is a divalent organio 
group, preferably an aliphatic group or an aromatio 
group. The aromatic group may be bonded via a hetero 
atom. Examples of R 1 are expressed byt 
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CHa 



(CH a ) e- and the like, where X le a divalent organic , bond- 
ing group, i.e., a divalent group which can include a 
valence bond, alkylene group or a hetero atom. Examples 
of such a divalent group are -CH 2 -, «C(CH3),-, -0-, -s- 
and the like . 

R a is a monovalent alkyl group or an aromatic group. 
The alkyl group preferably has a carbon number of l 
through 4. An especially preferable example of R 2 i 3 a 
methyl group or a phenyl group. A dlsiloxane structure 
contains four R a , but all the R a are not necessarily 
identical with one another. 

Poly(urethane/disiloxane) having a repeating unit 
represented by general formula (I) is obtained by caus- 
ing reaction of the following materials In an appropri- 
ate organic solvent with the addition of haat: 
(i) dllsocyanate represented by general formula: 



OCN— R*-NCO 



(R l is Identical as the above -described material), and 
(li) disiloxane-based diol represented by general for- 
mula: 
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R» R« 

I I 

HO-CCH« )nSl-0-Sl fCH, }o-0H 
I I 

r« r« m - • i 

<R a and n are identioal ae the above -de scribed materials). 

In dlleocyanate represented by general formula (II), 
R 1 is an above- described material. -Exemplary preferable 
dlisocyanates include tolylenedllsocyanate, phenylenedl- 
lsocyanate, dlphenylmethanedlisooyanate. dlphenylpro- 
panedilsocyanate/ diphenyletherdiisooyanate, naphthale- 
nediisocyanate, hexamethylenediisocyanate , and the like. 

In dislloxane-based dlol represented by general for- 
mula (III), R a and n are above-described materials, and 
can be obtained by a generally known method. The materi- 
als represented by general formula (III) are disclosed 
in United States Patent No. 2,527,591 where n-1, in j. 
Org. Chem. ££, 1637 (1950) where n-2 and 3, and in 
United States Patent No. 3.083,219 where n=4. 

Used as a reaction solvent for causing reaction of 
dlisocyanate and dlsiloxane is a material which dis- 
solves both of the materials, is inert to these materi- 
als, and dissolves the poly(urethane/disiloxane) tc be 
produced. Exemplary preferable reaction solvents include 
oprotic polar organio solvents such as dimethylsulf oxide, 
N-methyl-2-pyrrolidone, N,N-dimethylaoetoamide, N.N- 
dimethylformatnide and the like. These materials can be 
used Independently or as a mixture of two or more. Pref- 
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erably, a mixed solvent of the above-mentioned solvent 
and an aliphatic or alicyclic ketone, such as methyl 
ethyl ketone, methyl isobutyl ketone, cyolohexanone , or 
the like is used.- Generally, diisocyanate is difficult 
to be dissolved in the aprotic polar organic solvent, 
but can be reacted with diol in a homogenous system or a 
semi-homogenous system by using a mixed solvent with ke- 
tone. 

The amount of solvent is not specifically limited, 
but the solvent Is used so that the total amount of di- 
isocyanate and dlslloxane -based diol is 10 to , 50% by 
weight, preferably 20 to 40% by weight. The temperature 
of polymerization is usually in the range of 50 to 150°C, 
and the tune period required for the reaction is usually 
several to several tens of hours. In order to produoe a 
high molecular weight polymer, diisocyanate is used in 
an amount of a 2 to 45 mol% excess with respect to dlsi- 
loxane-based dlol. 

The poly(urethane/di8iloxane) produced in this man- 
ner usually has a logarithmic viscosity of 0.4 to 1.2, 
and can be formed into a tough film. The polymer is in- 
ert to almost all the organic solvents except for the 
polar solvents desorlbed above as examples of polymeri- 
zation solvents and some cyclic ethers such as tetrahy- 
drofuran, and thus has a very excellent resistance 
against chemicals. 

The gas separation film according to the present in- 
vention can be produced by various methods, but is usu- 
ally produced in the following manner. 
Poly(urethane/dlslloxane) is dissolved In a solvent for 
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film liquid to form a uniform film liquid, and the film 
liquid is caused to flow over an appropriate support to 
coat the support with the film liquid. Then, the support 
coated with the film liquid is heated to vaporize the 
solvent, thus obtaining a uniform film. , 

The film preferably has a minimum possible thickness 
in order to increase the transmission speed of the gas 
but preferably has a maximum possible thiokness in terms 
of mechanical strength. In consideration of these fac- 
tors, the film thickness is preferably 0.05 to 30 urn. 
Accordingly, the concentration of the polymer , in " the 
film liquid is 10% by weight or less. 

Preferably used as the solvent for film liquid is an 
aprotic polar organic solvent such as dime thylsulf oxide, 
N-methyl-2-pyrrolidone. N,N-dimethylacetoamlde; N,N- 
dimethylformamide or the like, as in the case of a po- 
lymerization solvent. Tetrahydrofuran is also preferable 
as the solvent for film liquid sinoe it dissolves the 
poly(urethane/dislloxane) polymer satisfactorily. if 
necessary, a mixed solvent of the aprotic organic sol- 
vent and tetrahydrofuran is also used. The temperature 
at which the film liquid is heated after being applied 
to the support varies in accordance with the type of the 
film liquid. When an aprotic polar organic solvent is 
used, the temperature is 80 to 140°c, preferably 100 to 
120°C. By an especially preferable method, after the 
solvent is vaporized almost entirely by a temperature in 
the above-mentioned range, the solvent is heated to 
about 150°c to be completely vaporized. Tetrahydrofuran 
which is used as the solvent for film liquid can be va- 
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porlzed at room temperature, and thus a uniform film can 
be easily produced. 

As described above, the gas separation film accord- 
ing to the present Invention is formed of polyurethane 
having a disiloxane structure in a main chain, owing to 
the combination of the relatively high oxygen transmis- 
sion speed of the disiloxane structure, and the excel- 
lent selective transmittanoe of oxygen and the excellent 
resistance against chemicals of the polyurethane struc- 
ture, the gas separation film according to the present 
invention is especially preferable to oxygen enrichment. 
Due to the great mechanical strength, the gas separation 
fxlm according to the present invention is optimum for 
oxygen enrichment of, for example, air. on an industrial 
scale. The present Invention is also applicable for 
separation of other types of gas. 

Hereinafter, examples of the present invention will 
be described, but the present . invention is not limited 
to these examples. In the following examples, the trans- 
mission coefficient P of gas is obtained at 25°C by a 
high vacuum method, and the separation coefficient a is 
obtained from the transmission coefficient of the 
gas /transmission coefficient of nitrogen (p„ a ) at 25°C. 

Example 1 

A dimethylsulf oxide (27 g) solution of 
bis ( hydroxyethyl ) tetramethyldisiloxane ( 8 . 9 g 

0.040 mol) was added to a methyl isobutyl ketone (120 g) 
solution of diphenylmethanediisocyanate (13.0 g , 
0.052 mol), and heated while being stirred. The viscos- 
ity was gradually increased. The reaction was performed 
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at 100°c for 5 hours, thus obtaining a very viscous solu- 
tion. The solution was put into a great amount of water 
to deposit a polymer, which was pulverized in water.- Af- 
ter the resultant material was left overnight, the poly- 
mer was filtered and vacuum-dried at 80°C for 10 hpurs. 
The resultant polymer had a repeating unit represented 
by general formula (I), where 



i 



R 2 »CH a and n«2. and a logarithmio viscosity of 0.88 (N- 
methyi-2-pyrrolidone, 30*C, o.s g/dl; hereinafter, ' the 
logarithmic viscosity is measured under the same condi- 
tions). 

A 5% by weight tetrahydrofuran solution was formed 
including the polymer and caused to flow over a tin- 
plated board. Then, the board was left at room tempera- 
ture for 3 days to vaporize the solvent. Then, tin was 
dissolved in mercury into amalgam, thereby obtaining a 
uniform polymer film having a thickness of 10 |im. The 
gas transmittance of the polymer film was measured by a 
high vacuum method. The results are shown in Table l. 
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Table 1 

Gas transmittance of poly'urethane/disiloxane) fi-im 



Gas 

Hydrogen 


Transmittance coefficient p 
(CC(STP) • cm/cm 3 • sec *cmHg) 

2.2x10*' 


separation 
coefficient a 

', """** 


Helium 


2.1x10"* 


45 


Carbon dioxide 


1.4x10"' 


30 


Oxygen 


2.8x10"" 


6 


Argon 


l.flxlO - * 0 


, 4 


Nitrogen 


4 . 7x10"^ 


— i— 

1 



As a comparative example, a polyure thane film was 
prepared in the same manner as in example 1 except that 
ethyleneglycol (2.7 g, 0.043 mol) was used instead of 
bis(hydroxyethyl)tetramethyldisiloxane. The gas trans- 
mittance of the polyurethane film is shown in Table 2. 

Table 2 



1 Gas 


Transmittance coefficient P 
( CC ( STP ) • cm/ cm 2 • sea • cmHg) 


separation 
coefficient a 


Hydrogen 


2.4x10"" 


308 


Helium 


3.8x10"*° 


490 


carbon dioxide 


2. 7x10"" 


35 


Oxygen 


5.8x10*" 


7 


Argon 


2.0x10"" 


3 


Nitrogen 


7.8x10*" 


1 
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As can be appreciated from the above-described re- 
sults, the poly(urethane/disiloxane) film according to 
the present invention increases the selective transmit - 
tance of oxygen by 50 times while maintaining a high 
separation coeffioient of oxygen relative to nitrogen. 
Furthermore, the film according to the present invention 
is insoluble in almost all the organic solvents except 
for the aprotic polar organic solvents and tetrahydrofu- 
ran, and thus has an excellent resistance against chemi- 
cals. Moreover, the film is tough and has a sufficient 
mechanical strength as indicated , by a strength against 
rupture of 740 kg/cm 2 and an elongation at rupture of 4% 
which were measured at a tensile rate of 50 mm/min. and 
a temperature of 25°C. 

Example 2 

A poly(urethane/disiloxane) polymer was prepared in 
the same manner as in example l except that 2,4- 
tolylenedilsocyanate (7.5 g, 0.043 mol) was used instead 
of diphenylmethanedilsocyanate and that 

bis ( hydroxypropyl ) tetramethyldlslloxane ( 10 . 0 g , 

0.040 mol) was used instead of 

bis ( hydroxyethyl ) tetramethyldlslloxane . The resultant 
polymer is represented by the above general formula, 
where 

R,== "^2)" CH »' 

R*=CH a and n=3, and has a logarithmic viscosity of 0.76. 
A film having a thickness of 15 jim was prepared based on 
the polymer in the same manner as in example 1. The film 
had a transmission coefficient of oxygen of a.Oxl.O" 10 
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CC(STP) •cm/cm a, eec«cmHg and a separation coefficient of 

5.7. 

Example 3 

A polymer was prepared in the same manner as in ex- 
ample 1 except that hexamethylenediisocyanate was used 
instead of diphenylmethanedlisocyanate and ■ that 
bis(hydroxybutyl)tetraphenyldisilexane was used instead 
of bie(hydroxyethyl)tetramethyldisiloxane. The resultant 
polymer is represented by general formula (I) where R 1 — 
(CH a ) 6 , R a =-C 6 H 5 -, n=4, and has a logarithmic viscosity of 
0.61. A film prepared based on the polymer in the same 
manner as in example 1 had a transmission coefficient of 
oxygen of 6.2xl.0 :i0 CC(STP) '6m/cm\ 3 'sec' cmHg and a separa- 
tion coefficient of 3.2. 
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Gas Separation Film 

Claims 

A gas separation film, consisting of 
poly(urethane/disiloxane) having a repeating unit repre- 
sented by general formula: 

O O R 1 R* 

II II I I 

-OCNH-R'-NHCOCCHt )„S i-O-S iCCH, )„ 

I I 
R l R* 

(wherein R 1 is a divalent aliphatic group or aromatic 
group, R 2 is independently a monovalent alkyl group or 
aromatic group, and n is an integer of 1 through 4). 

Detailed Description of the Invention 

The present invention relates to a gas separation 
film consisting of polyurethane including a disiloxane 
structure . 



1 



SHUSAKU YAMAMOTO 



Japanese Patent (Kokoku) Publication NO. 58-58123 

Recently, gas separation, especially oxygen enrich- 
ment of air by an organic polymer film has been a sub- 
ject of attention from the viewpoint of saving resources 
and energy. Conventionally known films for oxygen en- 
richment have an excessively low transmission speed of 
oxygen or an excessively small transmission coefficient 
ratio relative to nitrogen, and therefore are not suit- 
able for oxygen enrichment on an industrial scale. For 
example, polydimethyl siloxane has an oxygen transmis- 
sion coefficient in the order of the 10" 
8 cm 2 (STP) •cm/cm 2 •sec* cmHg, which is the highest among the 
coefficients of the conventionally known polymer films. 
However, polydimethyl siloxane, which has a transmission 
coefficient ratio relative to nitrogen of about 2 at 
most, is inferior in the selective transmittance or 
separability of oxygen, and thus requires a great number 
of treatment steps in order to produce oxygen at a high 
concentration. Therefore, polydimethyl siloxane is not 
practical in terms of both apparatus requirements and 
costs. A polydimethyl siloxane film also has a low me- 
chanical strength, and thus needs to be relatively thick. 
For this reason, the transmission speed of polydimethyl 
siloxane film cannot be increased although the transmis- 
sion coefficient is large. 

Accordingly, Japanese Patent Publication for Opposi- 
tion No. 47-51715 proposes an oxygen enrichment film 
formed of polyvinyl trimethylsilane. The transmission 
coefficient ratio of oxygen relative to nitrogen of the 
film is twice that of polydimethyl siloxane, but the 
film is inferior in the resistance against chemicals and 
is likely to be deteriorated by contaminants in the air, 
oil from pumps or the like. United States Patent 
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No. 3,189,662 discloses a polysiloxane-polycarbonate 
block copolymer. This copolymer is also inferior in the 
resistance against chemicals due to the polycarbonate 
structure included. 

As a result of active studies on gas separation 
films which are superior in the selective transmittance 
of oxygen, resistance against chemicals, mechanical 
strength and the like, the present inventors found that 
a gas separation film fulfilling the above-described 
conditions can be produced by introducing a disiloxane 
structure into a main chain of polyurethane, and thus 
made the present invention. 

The gas separation film according to the present in- 
vention consist of poly(urethane/disiloxane) having a 
repeating unit represented by general formula: 

0 0 R 2 R* 

II II I I 

-OCNH-R 1 -NHCOC CH 2 )„ Si-O-Si (CH 2 (1) 

I I 
R a R 2 

(wherein R 1 is a divalent organic group, R 2 is independ- 
ently an alkyl group or aromatic group, and n is an in- 
teger of 1 through 4 ) . 

In general formula ( I ) , R 1 is a divalent organic 
group, preferably an aliphatic group or an aromatic 
group. The aromatic group may be bonded via a hetero 
atom. Examples of R 1 are expressed by: 
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CH 3 



(CH 2 ) 6 - and the like, where X is a divalent organic bond- 
ing group , i.e., a divalent group which can include a 
valence bond, alkylene group or a hetero atom. Examples 
of such a divalent group are -CH 2 - , -C(CH 3 ) 2 -, -0-, -S- 
and the like. 

R 2 is a monovalent alkyl group or an aromatic group. 
The alkyl group preferably has a carbon number of 1 
through 4. An especially preferable example of R 2 is a 
methyl group or a phenyl group. A disiloxane structure 
contains four R 2 , but all the R 2 are not necessarily 
identical with one another. 

Poly(urethane/disiloxane) having a repeating unit 
represented by general formula (I) is obtained by caus- 
ing reaction of the following materials in an appropri- 
ate organic solvent with the addition of heat: 
(i) diisocyanate represented by general formula: 



OCN-R^NCO 



(R 1 is identical as the above- described material), and 
(ii) disiloxane-based diol represented by general for- 
mula: 
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R» R* 
I 1 

HO— (CH 2 )nSi-0-Si (CH, )n-OH 
I I 

R l R 2 W 

(R 2 and n are identical as the above-described materials). 

In diisocyanate represented by general formula (II), 
R 1 is an above-described material. Exemplary preferable 
diisocyanates include tolylenediisocyanate, phenylenedi- 
isocyanate , diphenylmethanediisocyanate , diphenylpro- 
panediisocyanate , diphenyletherdiisocyanate , naphthale- 
nediisocyanate, hexamethylenediisocyanate, and the like. 

In disiloxane-based diol represented by general for- 
mula (III) # R 2 and n are above-described materials, and 
can be obtained by a generally known method. The materi- 
als represented by general formula (III) are disclosed 
in United States Patent No. 2,527,591 where n=l, in J. 
Org. Chem. 25 # 1637 (1950) where n=2 and 3, and in 
United States Patent No. 3, 083,219: where n=4. 

Used as a reaction solvent for causing reaction of 
diisocyanate and disiloxane is a material which dis- 
solves both of the materials, is inert to these materi- 
als, and dissolves the poly(urethane/disiloxane) to be 
produced. Exemplary preferable reaction solvents include 
aprotic polar organic solvents such as dimethylsulf oxide, 
N-methyl-2-pyrrolidone , N , N-dimethylacetoamide , N , N- 
dimethylformamide and the like. These materials can be 
used independently or as a mixture of two or more. Pref- 
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erably, a -mixed solvent of the above-mentioned solvent 
and an aliphatic or alicyclic ketone, such as methyl 
ethyl ketone, methyl isobutyl ketone, cyclohexanone , or 
the like is used. Generally, diisocyanate is difficult 
to be dissolved in the aprotic polar organic solvent, 
but can be reacted with diol in a homogenous system or a 
semi-homogenous system by using a mixed solvent with ke- 
tone. 

The amount of solvent is not specifically limited, 
but the solvent is used so that the total amount of di- 
isocyanate and disiloxane-based diol is 10 to 50% by 
weight, preferably 20 to 40% by weight. The temperature 
of polymerization is usually in the range of 50 to 150°C, 
and the time period required for the reaction is usually 
several to several tens of hours. In order to produce a 
high molecular weight polymer, diisocyanate is used in 
an amount of a 2 to 45 mol% excess with respect to disi- 
loxane-based diol. 

The poly(urethane/disiloxane) produced in this man- 
ner usually has a logarithmic viscosity of 0.4 to 1.2, 
and can be formed into a tough film. The polymer is in- 
ert to almost all the organic solvents except for the 
polar solvents described above as examples of polymeri- 
zation solvents and some cyclic ethers such as tetrahy- 
drofuran, and thus has a very excellent resistance 
against chemicals. 

The gas separation film according to the present in- 
vention can be produced by various methods, but is usu- 
ally produced in the following manner. 
Poly(urethane/disiloxane) is dissolved in a solvent for 
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film liquid to form a uniform film liquid, and the film 
liquid is caused to flow over an appropriate support to 
coat the support with the film liquid. Then, the support 
coated with the film liquid is heated to vaporize the 
solvent, thus obtaining a uniform film. 

The film preferably has a minimum possible thickness 
in order to increase the transmission speed of the gas 
but preferably has a maximum possible thickness in terms 
of mechanical strength. In consideration of these fac- 
tors, the film thickness is preferably 0.05 to 30 fim. 
Accordingly, the concentration of the polymer in the 
film liquid is 10% by weight or less. 

Preferably used as the solvent for film liquid is an 
aprotic polar organic solvent such as dimethylsulf oxide, 
N-methyl- 2-pyrrolidone , N , N-dimethylacetoamide , N , N- 
dimethylformamide or the like, as in the case of a po- 
lymerization solvent. Tetrahydrofuran is also preferable 
as the solvent for film liquid since it dissolves the 
poly ( urethane/disiloxane ) polymer satisfactorily . If 
necessary, a mixed solvent of the aprotic organic sol- 
vent and tetrahydrofuran is also used. The temperature 
at which the film liquid is heated after being applied 
to the support varies in accordance with the type of the 
film liquid. When an aprotic polar organic solvent is 
used, the temperature is 80 to 140°C, preferably 100 to 
120°C. By an especially preferable method, after the 
solvent is vaporized almost entirely by a temperature in 
the above-mentioned range, the solvent is heated to 
about 150°C to be completely vaporized. Tetrahydrofuran 
which is used as the solvent for film liquid can be va- 
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porized at room temperature, and thus a uniform film can 
be easily produced. 

As described above, the gas separation film accord- 
ing to the present invention is formed of polyurethane 
having a disiloxane structure in a main chain. Owing to 
the combination of the relatively high oxygen transmis- 
sion speed of the disiloxane structure, and the excel- 
lent selective transmittance of oxygen and the excellent 
resistance against chemicals of the polyurethane struc- 
ture, the gas separation film according to the present" 
invention is especially preferable to oxygen enrichment. 
Due to the great mechanical strength, the gas separation 
film according to the present invention is optimum for 
oxygen enrichment of, for example, air, on an industrial 
scale. The present invention is also applicable for 
separation of other types of gas. 

Hereinafter, examples of the present invention will 
be described, but the present invention is not limited 
to these examples. In the following examples, the trans- 
mission coefficient P of gas is obtained at 25°C by a 
high vacuum method, and the separation coefficient a is 
obtained from the transmission coefficient of the 
gas /transmission coefficient of nitrogen (P N2 ) at 25°C. 

Example 1 

A dimethylsulf oxide (27 g) solution of 
bis(hydroxyethyl)tetramethyldisiloxane (8.9 g, 

0.040 mol) was added to a methyl isobutyl ketone (120 g) 
solution of diphenylmethanediisocyanate (13.0 g, 
0.052 mol), and heated while being stirred. The viscos- 
ity was gradually increased. The reaction was performed 

8 



SHUSAKU YAMAMOTO 



Japanese Patent (Kokoku) Publication NO. 58-58123 

at 100°C for 5 hours, thus obtaining a very viscous solu- 
tion. The solution was put into a great amount of water 
to deposit a polymer, which was pulverized in water. Af- 
ter the resultant material was left overnight, the poly- 
mer was filtered and vacuum-dried at 80°C for 10 hours. 
The resultant polymer had a repeating unit represented 
by general formula (I), where 




R 2 =CH 2 and n=2, and a logarithmic viscosity of 0.88 (N- 
methyl-2-pyrrolldone, 30°C, 0.5 g/dl; hereinafter, the 
logarithmic viscosity is measured under the same condi- 
tions). 

A 5% by weight tetrahydrofuran solution was formed 
including the polymer and caused to flow over a tin- 
plated board. Then, the board was left at room tempera- 
ture for 3 days to vaporize the solvent. Then, tin was 
dissolved in mercury into amalgam, thereby obtaining a 
uniform polymer film having a thickness of 10 |im. The 
gas transmittance of the polymer film was measured by a 
high vacuum method. The results are shown in Table 1. 
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Table 1 



Gas transmittance of poly(urethane/disiloxane) film 



Gas 


Transmittance coefficient P 
( CC ( STP ) • cm/cm s • sec • cmHg ) 


Separation 
coefficient a 


Hydrogen 


2.2x10*' 


47 


Helium 


2.1x10"' 


45 


Carbon dioxide 


1.4x10*' 


30 


Oxygen 


2.8x10*" 


6 


Argon 


1.8xl0* 10 


4 


Nitrogen 


4.7x10*" 


1 



As a comparative example, a polyurethane film was 
prepared in the same manner as in example 1 except that 
ethyleneglycol (2.7 g, 0.043 mol) was used instead of 
bis(hydroxyethyl)tetramethyldisiloxane. The gas trans- 
mittance of the polyurethane film is shown in Table 2. 



Table 2 



Gas 


Transmittance coefficient P 
( CC ( STP ) • cm/cm 2 • sec • cmHg ) 


Separation 
coefficient a 


Hydrogen 


2.4xl0* 10 


308 


Helium 


3.8x10'" 


490 


Carbon dioxide 


2.7x10'" 


35 


Oxygen 


5.8x10*" 


7 


Argon 


2.0x10*" 


3 


Nitrogen 


7.8x10*" 


1 
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As can be appreciated from the above -described re- 
sults, the poly(urethane/disiloxane) film according to 
the present invention increases the selective transmit - 
tance of oxygen by 50 times while maintaining a high 
separation coefficient of oxygen relative to nitrogen. 
Furthermore, the film according to the present invention 
is insoluble in almost all the organic solvents except 
for the aprotic polar organic solvents and tetrahydrofu- 
ran, and thus has an excellent resistance against chemi- 
cals. Moreover, the film is tough and has a sufficient 
mechanical strength as indicated by a strength against 
rupture of 740 kg/cm 2 and an elongation at rupture of 4% 
which were measured at a tensile rate of 50 mm/min. and 
a temperature of 25°C. 

Example 2 

A poly(urethane/disiloxane) polymer was prepared in 
the same manner as in example 1 except that 2,4- ( 
tolylenediisocyanate (7.5 g, 0.043 mol) was used instead 
of diphenylmethanediisocyanate and that 

bis (hydroxypropyl ) tetramethyldisiloxane (10.0 g, 

0.040 mol) was used instead of 

bis ( hydroxyethyl ) tetramethyldisiloxane . The resultant 
polymer is represented by the above general formula, 
where 




R 2 =CH 2 and n=3, and has a logarithmic viscosity of 0.76. 
A film having a thickness of 15 (im was prepared based on 
the polymer in the same manner as in example 1. The film 
had a transmission coefficient of oxygen of 3.0xl.0" 10 
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CC(STP) •cm/cm 2 • sec cmHg and a separation coefficient of 
5.7. 

Example 3 

A polymer was prepared in the same manner as in ex- 
ample 1 except that hexamethylenediisocyanate was used 
instead of diphenylmethanediisocyanate and that 
bis ( hydroxybutyl ) tetraphenyldisiloxane was used instead 
of bis(hydroxyethyl)tetramethyldisiloxane. The resultant 
polymer is represented by general formula (I) where R*=- 
(CH 2 )6/ R 2 =-C«H 5 -, n=4, and has a logarithmic viscosity of 
0.61. A film prepared based on the polymer in the same 
manner as in example 1 had a transmission coefficient of 
oxygen of 8.2xl.O" 10 CC(STP) •cm/cm 2 - sec- cmHg and a separa- 
tion coefficient of 3.2. 
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